Introduction
Leishmania spp. are sandfly-transmitted protozoal pathogens, which are endemic in Latin America, South East Asia, Africa and the Middle East [1] . These pathogens cause two main forms of leishmaniasis; visceral and cutaneous. Visceral leishmaniasis is the most severe form of the disease and manifests as hepatomegaly, severe wasting, and death in 95% of untreated cases [1, 2] . Cutaneous leishmaniasis typically appears as localized lesions at the sandfly bite location, starting with a pink papule, and then progressing to a nodule or plaque and eventually an ulcer [3] . The ulcer heals spontaneously over a period of several months, but permanent scar may occur [3] .
Approximately 20 species of Leishmania genus can cause leishmaniasis with differences in the distribution and clinical signs of the disease by the causative species [4] . In addition, several sandfly species can transmit the Leishmania parasites; where each Objective: To explore the seroprevalence, spatial distribution and risk factors for Leishmania seropositivity in Jordan.
Methods: Blood samples from 872 apparently healthy participants were randomly selected from 11 governorates in Jordan and tested for anti-Leishmania K39 IgG. Risk factors (animal ownership and agriculture practices) and demographic data were also collected using pre-tested and validated questionnaire.
Results: Overall, 2.52% of participants were seropositive for Leishmania spp. Participants living in the Jordan Valley plateau had significantly greater odds (adjusted odds ratio = 3.70, 95% CI 1.37-9.93) of seropositivity than those living in the Highlands after adjustment for age. 
Asian Pacific Journal of Tropical Biomedicine
This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. 
Materials and methods

Sample size calculation
The seroprevalence for Leishmania spp. is unknown in Jordan.
Based on reports from neighboring countries, we conservatively assumed a prevalence of 2% and calculated a sample size of 872 to detect a (2依1)% prevalence [11] . 
Sampling and description of participants
Samples analysis
The SERION classic Leishmania IgG ELISA test (Virion\Serion GmbH, Würzburg, Germany) was used to determine the presence of Leishmania spp. antibodies in the sera samples. The test used inactivated preparation of the kinesin-like protein (K39) for detecting and quantifying Leishmania-IgG antibodies in sera samples. This test has a sensitivity and specificity of >99%, according to the manufacturer, based on testing 203 serum samples from healthy blood donors and patients with suspected leishmaniasis. In addition, assays that use K39 showed high sensitivity and specificity for detecting leishmaniasis [12] [13] [14] . The test results were validated and interpreted as recommended by the manufacturer. Briefly, antibody activities of >15 U/mL were considered positive.
Risk factors data collection
Risk factors (including animal ownership, agricultural practices, drinking water sources and consumption of raw or undercooked foods) and demographic data from each participant were collected using a self-administered, validated and pre-tested 
Statistical analysis
The questionnaire and laboratory data were entered in Excel sheet (Microsoft, Redmond, WA, USA). Maps were generated using 
Results
Most participants live in a house (68.5%) (as opposed to an apartment), consume traditional wild herbs (50.9%), and use filtered water (63.6%). One third of participants has a garden, one quarter grows vegetables, and about a quarter practices agriculture. Animal ownership in the study sample was highest for goats (15.0%), sheep (13.0%), and dogs (9.6%). Table 1 shows the unadjusted (univariate analysis) and adjusted odds ratios (AOR) (multivariate analysis) for factors associated with anti-Leishmania spp. K39 seropositivity. Overall, 2.52% (95% CI, 1.67%-3.29%) of tested participants were seropositive for anti-Leishmania IgG. The seroprevalence was higher among females (2.9%) compared to males (2.0%) and among participants with an income less than $750 USD, but these differences were not statistically significant (P > 0.05). Similarly, there were no significant associations between seropositivity and age, education, and living abroad. Animal ownership, household water source, owning a garden were not associated with seropositivity. Among 
Discussion
This study reports that the national seroprevalence of Leishmania K39 antibody in Jordan is 2.52% (95% CI, 1.67-3.29%). This low seroprevalence supports a recent finding of a falling burden of cutaneous leishmaniasis in the Middle East and Africa [3] .
Several risk factors for leishmaniasis reported in the literature
were not associated with seropositivity in this study. For example, previous studies reported higher prevalence of leishmaniasis among males compared to females [6, 15] , but our study did not find any significant difference in seropositivity between males and females.
The association between age and leishmaniasis has been debated in literature, with some studies reporting higher prevalence/cases among adults (15-40 years old) [15, 16] and others reported higher prevalence/cases among children (<15 years) [6, 17] . Our study found higher seroprevalence as age increases, but this increase was not significant.
Zoonotic and environmental risk factors for contracting leishmaniasis, have been reported such as contact with animals (particularly ruminants and dogs) [17] , and traveling to leishmaniasis-endemic areas [18] . Our study found greater odds of seropositivity with traveling abroad, owning goats and cats, but none of these were statistically significant.
There was significant difference in leishmaniasis seropositivity by region of residence in our study, with the highest seroprevalence among participants living in the Jordan Valley plateau. The climate of the Jordan Valley is warm and humid [19] . This humidity is essential for the eggs of sandflies and for the feeding activities of the adult sandflies [20] . Previous studies indicated the association between leishmaniasis incidence with humidity, rainfall and warm temperatures [21, 22] . Reports also indicated that the primary causative species of leishmaniasis in the Jordan Valley is Leishmania major, the primary reservoir is the desert rodent and the primary vector is
Phlebotomus papatasi [4, 23] . Previous interventions such as sugar baits and local flowering plants were successful at catching Phlebotomus papatasi in Iran [27] and in the Western side of the Dead Sea [28] , so it could be considered to control leishmaniasis in the Jordan Valley area. Insecticide-treated bed nets have been effective at reducing cutaneous leishmaniasis incidence in some countries the Middle East [29] and may also be worth considering in the Jordan Valley. 
